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Fig 13 shows OCN-Thermal efficiencies vs. Compressor pressure ratio; 
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Fig 15 is an OCN and conventional gas turbine Specific power-comparison; 
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Fig 21 shows OCN- Velocity Triangles. 
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An orbiting combustor nozzle (OCN) engine, having a rotat- 
ing assembly comprising a co-rotating, compressor and 
nozzle wheel enclosed within a non-rotating outer casing, 
defining a rotating combustion chamber, is disclosed. Com- 
bustion occurs in the combustion chamber in a vortex of gas 
that rotates at the same angular velocity as the rotating assem- 
bly. Also disclosed, is a method of cooling a blade of a 
rotating wheel, such as a turbine wheel or nozzle wheel, by 
projecting cool air at the base of the vane form a nozzle 
corolating with the blade. Such cooling is easily imp lemented 
in an OCN engine with use of an innovative annular combus- 
tor. Also disclosed is a method of countering axial backflow 
by use of a combustion chamber compressor, 
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Column 16, line 38, add 

A new concept of an orbiting combustion nozzle 
(OCN) engine is presented in which the power is 
provided by a rotating combustion chamber expanding 
through rotating nozzles, generating a continuous 
torque and rotating together as one uniL The air is 
supplied to the combustion chamber from a compressor 
rotating wit)] the combustion chambers in the same 
angular velocity, eliminating the conventional 
stationary compressor diffuser and turbine nozzle guide 
vanes. A compact engine is thus attained, having the 
low pollution and continuous combustion advantages of 
a gas turbine with fewer components and more cost 
effective, 

A thermodynamic analysis results in specific 
power and thermal efficiencies higher than those of 
conventional gas turbines while using combustion 
STATIC temperature lower by H0°fC than 
contemporary turbines. The significance of this on 
emission and reliability is self-evident. 

Also, the part load performance of this engine is 
superior to a conventional cycle gas turbine which is a 
great advantage in many applications. 



J^/^menifrtur* 





specific beat at constant pressure 


Cp - 


average value for the progress range 


c - 


absolute velocity 


C v - 


specific heat at constant volume 


E - 


energy input 




reaction force 


Jc - 


C p /C v 


rn - 


mass flow 


M - 


Mach number 


P - 


pressure 


r\R - 


pressure ratio 


K * 


universal gas constant 


T - 


temperature 


u 


orbital velocity 


w - 


relative velocity 
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Suffixes 




a -ambient 


c 


corn pres sol- 


e 


ex it 


d - 




is 


iscntropic 


j> 


nozzle 




relative 


s 


static condition 


lb - 


thermal 


t 


total stagnation condition 


u 


tangential component of velocity 


X 


actual conditions at nozzle outlet 


2 - 


compressor outlet conditions 


3 ' • 


nozzle inlet conditions 


* - 


nozzle outlet conditions 


Greek 




T) - 


efficiency 



p - gas density 



A p - combustion chamber pressure loss 

UtttrQjjuctjon 

In a conventional gas turbine cycle, air is 
compressed by a compressor rotor and its dynamic 
energy at the compressor exit is diffused by a stationary 
diffuscr, This diffusion creates a pressure Joss of about 
10% of the rotor total pressure* thus decreasing the 
compressor efficiency and the net work of the gas 
turbine. 

Further, exiting the diffi Jscr the air is introduced Into 
the combustor in which combustion gas is expanded 
through the turbine to generate power. Since the 
combustor is stationary, the gas is accelerated again 
through stationary vanes to match the rotating blade 
inlet conditions, h doing so, there is an extra Joss of 
total pressure and a decrease of turbine efficiency 
mainly due to friction losses and aerodynamic vortices 
in the zone between vanes and Wades. Thus, turbine 
efficiency is impaired - reaching only 85% in small gas 
turbines. 

The combfned Josses of the turbine and compressor 
efficiencies result in a reduced performance of the gas 
turbine - up to 35% reduction (for high pressure ratio 
cycle) in net power, compered to the OCN performance, 
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which due to tts unique design eliminates the above 
tosses« 

Furthermore, to avoid losses due to shock waves, 
the conventional tuibine is not designed to operate in 
supersonic inlet blade conditions, thus the pressure ratio 
per turbine stage is limited (about 2 5). Consequently, 
in conventional high pressure ratio turbines, there are 
several stages - stationary and rotating, while the OCN, 
having no inlet guide vanes and not limited to expand 
higher pressure ratios with a high efficiency up to 4:) 
with one stage, has fewer expansion stages (turbines). 



Ambient air is sucked into a compressor [1]. The air 
U compressed to the desired pressure and rotational 
speed in axial stages and then in a centrifugal stage. 

Air exiting from the compressor rotor [2] is not 
diffused to stationary conditions but fed through 
rotating vanes into a rotary combustor [4] thus: 

* Eliminating pressure loss as in a conventional 
djfruser, resulting in higher compressor efficiency, 
(gain of about 5% for a pressure ratio of 20:1). 

• Reaching a bigjier pressure ratio with the same 
number of compressor stages compared to a 
conventional compressor - due to the low relative 
velocity of the compressor exit flow. "Usually m 



limited to avoid supersonic flow in the difruser inlet. 

Air exiting into the rotary cDmbuslor is mixed wfth 
fuel and the mixture is burnt in lower static pressure 
then m a conventional cycle. The swling air Itejps in 
vaporizing the fuel. Its relative velocity is kept low by 
choosing carefully the compressor outiet conditions. 
Combustion efficiencies are designed to be between 98- 
99.8% and pressure drops less than 6% of the intet 
relative pressure. 

The hot gases are expanded now through rotary 
nozzles (5] which provide the energy to drive the 
compressor - a much less enthalpy drop is required than 
from a conventional turbine due to the higher expansion 
efficiency in the rotating nozzles. No stationary vanes 
are needed to expand the hot ga£ from stagnation 
conditions into rotating blades. This results in: 

• A high adiabatic efficiency of the rotating nozzle - 
over 90%, 

• Due to the high pressure ratio capability of the 
rotating nozzle - one stage is required for a pressure 
ratio of 4:1. 

• The combustion chamber static temperature is lower 
than in a conventional cycle (about 125°C lower) for 
tfie same power output pjg„ j ] ^ 



2, Description - Fig. 1 J 
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Exiting the rotating nozzJes the gases have a certain 
swirl -which is straightened by stationary diffuser vanes 
bs in a conventional gas turbine. 

The exit velocity depends on the eyeje parameters 
and the engine type. In high pressure ratio turbojet and 
turbofan applications the pressure behind the rotating 
nozzle is kept at about 2 bare-by adding a thrust nozzle, 
and thus the exit macb number is kept subsonic while in 
high pressure ratio turbo-shafts exiting into ambient 
conditions the flow may be transonic. In this e&je a 
power turbine [8] may be added and the OCN engine 
would serve as a gas generator 



3, Thermodynamic Cycle Analysis 

Appendix A details the thermodynamic analysis. 
The equations derived are used to calculate the 
performance of the engine as detailed in the various 
performance curves. 

Fig. 12 shows the OCN cycle in the T-S diagram, in 
comparison to conventional cycle. The total pressure of 
me compressor is kept the same for both ■ cycles [this 
results in higher total temperature for the conventional 
cycle due to fts lower compressor efficiency J 

Obvioustyj axial compressor stages are added In front 
of the centrifugal, the latter is limited to a pressure ratio 
of 8:1 due to mechanical strength limitations. 

Two different OCN cycles are analyzed end compared 
to the conventional cycle-[ A-B-C-D ] 

* A-B1-C1-E-DU Heating the gas in the 2 cycles 
[having the same compressor pressure ratio of 20] to 
the same total temperature [HOO^K] results in 



obvious from the larger net area in the T-S diagram 
which results from the higher compressor and 
turbine efficiencies. Since the heat input for the two 
cycles is about identical, the net result is higher 
efficiency [34% against 29%] and higher specific 
power [2 1 Ok W against 1 8 1 k W] for the OCN cycle. 

• A-B2^C2-F-D2- Heating the gas in the OCN cycle 
to a total relative temperature identical to the 
stagnation inlet turbine temperature in the 
conventional cycle, a higher turbine enthalpy drop is 
obvious in the diagram for the OCN cycle. This is 
due to its higher efficiency, Even though the heat 
input is higher, the net work is higher for the OCN 
cycle which makes it more efficient [Efficiency is 
now 35% and specific power Is 256 kW], The 
detailed analysis further shows it cfearry, as may be 
calculated fromFig, 1 Ifbr this specific case. 
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4, Performance Analysis 

Figs. 13,14 show the design point performance of 
(he OCN cycle for a gas turbine with an airflow of 1 
kg/sec and a relative nozzle inlet temperature of 1 DOO^JC 
and I300 to lC. Compressor efficiency is 5% higher than 
in conventional compressor efficiency for the same 
pressure ratio. Nozzle expansion efficiency is also 5% 
higher than in conventional turbines for the same 
expansion ratio. The variable parameters are P.R - total 
compressor pressure ratio, and u - nozzje orbita? 
velocity. 

It is evident from these figures that there is an 
optimum value of u for a fixed P.R which results in the 
maximum efficiency and another value for maximum 
specific power. Taking a design point of u » 500 mAec 
{an acceptable value for superajbvs), Cu^Om/sec, a 
nozzle inlet relative temperature of 130D*K and a P.R of 
20, the net thermal efficiency is 35% and the power jj 
2S6kYV/kg/sec. 

Increasing the pressure ratio up to 36 [ by adding 
more compressor stages in front ] while the rotating 
velochv is 600 m/sec results in an efficiency of 3BJ5%. 

Figs. 15, J 6 depict the OCN versus the conventional 
cycle performance in various turbine [nozzle] inlet 
temperatures. For example [see C , D] a conventional 
cycle with the same P.X and the same turbines inlet 
stagnation temperature of J3O0°K, but with 5% reduced 
efficiencies' for both compressor and turbine the 
performance is: Power - HI kW/kg/sec; Efficiency - 
29"/^compared to 35% and 256fcw of the OCN engine. 

Pigs- I5 f 16 also show the OCN and conventional cycle 
performance when the speed [and pressure ratio] are 
constant and the inlet temperature changes, In the OCN 
cycle the efficiency drops mildly [from 35 to 29%] with 
the specific power when the temperature drops from 
DOCK to 1000% while the efficiency of the 
conventional cycJe for the same temperature reduction 
drops to [see B, FJ. This is a significant advantage 
of the OCN cycle in reduced temperatures In contrast to 
the poor efficiency of conventional gas turbines. 

Analyzing the cycle for high pressure ratio turbojet 
or ttmbofan engineFigs, 17, IS we arrive at the same 
relative improvement compared to a^conventionaJ cycle 
for specific thrust and SJF.C- values. This superior 
performance coupied wich reduced weight and cost 
make this engine far more cost effective than a 
conventional gas turbine, 

The advantage of the OCN engine compared to the 
conventional cycle is thus significant in nozzJe inlet 
temperatures between IflO0*K - UQQ% [Actually* 
even at inlet temperature of 1600*K the efficiency gain 
is still 2.5%]. 

• The thermal efficiency is higher by 4^-21 % 
[absolute value] 
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* The specific power is higher throughout the fM 
temperature range by 50O00 % 

* The low temperature performance is attractive 
compared Id a conventional cycie. 

* The statin turbine {nozzle] inlet temperatures are 
bwer by 140 & K for the same power requirement. 
(See Fig- 15 line D-D'). 

5, Part Joad performance 

Figs, 19,20 describe the part load performance of 
an industrial OCN gas turbine with a free turbine when 
its design point is: 

Compressor ?.K- 24 

Turbine relative total inlet temperature - )300°K 
Airflow * 2,7 kg/see 

Decreasing Its turbine inlet temperature the gas 
generator main shaft speed decreases too, while its free 
turbine speed is kept constant 

Due to the high adfabatic efficiencies of 
compression and expansion there is only slight decrease 
of thermal efficiency [from 35% to 27%] when the load 
decreases to 30% of its load at 130OTC. In the 
conventional cycle the thermal efficiency drops to 17% 
for 30% load. 

The above advantages decrease with higher total 
temperature or in lower pressure ratio. Tills makes the 
OCN engine attractive for industrial turbines for 
electrical energy generation where the Jong life 
requirements dictate low turbine inlet temperature, for 
heavy vehicular use where the part Joad efficiency Is 
most important and for smell efficient aircraft engines 
where the size and weight are important, a madret 
dominated for over a 100 years by heavy piston 
engines. 



Conclusions 

1. Tile OCN engine cycle is superior to the 
conventional cycle up 1o a turbine {nozzle] inlet 
temperature of 16"00)c both in specific power and 
efficiency. This advantage decrease in higher 
temperature or lower pressure ratio. 

2. The OCN engine offers a solution to a new power 
propulsion concept, presenting a compact 
configuration , having a specific power and thermal 
efficiency better than conventional gas turbines. 

3. Due to its higher compression and expansion 
efficiencies the OCN engine thermal efficiency is 
hjgh even at a 30% load, which is a considerable 
advantage compared to conventional gas turbines. 
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4, The OCN engme deliver! the same power as a 
conventional gas turbine with a lower turbine 
[noz2le] inlet temperature of about 14Q°K. 

5, Having fewer compressor and turbine stages for the 
seme total pressure ratio the OCN engine has lower 
weight, less volume, and lower cost. 

6, The OCN engine is thus a better cost effective 
engine suitable to various applications .In particular, 
due to its flat curve, the OCN engine h a better 
power plant for smalt aircraft, gas turbines, and 
vehicular use such as cars and trucks* 
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OCN PERFORMANCE CALCULATION 
Power 

The power is derived by computing first the reaction 
ibrce Fr which is: 

where: 

m - the nozzle exhaust flow rate 

u - the rotating tangential nozzle velocity 

W4u- the exhaust gas tangential velocity 

c v - absolute Tangential nozzle inlel velocity 

W3u— U3-C3 U - relative tangential nozzle inlet 
velocity. 

The turbine power is the product of 

P„ m m (Va/-wjJ u 
and for wj v 0, 

Nate; 

In the case of an axial inlet into the nozzle - in the 
relative space - W >M HD , and we carry further the 
calculation with this assumption, but rt can be shown 
that the calculation result for the value of ts 
identical for any value of w 3u . 

The net power is derived by subtracting the 
compressor power P c from the nozzle power Pn 

The compressor power P Cl for m = I Jcg/scc is 
derived by calculating the enthalpy change across the 
compressor 

in Which; 

f) c - adiebatic compressor efficiency 

7} m - mechanical compressor efficiency 

T it - compressor inlef total temperature 
Tn - compressor outlet total temperature 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 7,404,286 B2 Page 1 1 of 22 

APPLICATION NO. : 10/518767 

DATED : July 29, 2008 

INVENTOR(S) : David Lior 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



P ]f - compressor inlet total pressure 
P v - compressor outlet total pressure 

The nozzle power P n is also derived from 
thermodynamics as fallows: - 

in Which; 

Tj, - nozzle total inlet temperature 
Tii - nozzle totaf outlet temperature. 

may also be expressed by: 
v 2 



(3) 



15) 



Where: 

7* - static temperature at nozzle outlet 
Tm - relalive total temperature at nozzle inlet 
Thus: 



2C-, 



2C ? 



Combining Eqs, (1) and (4) results nr.(for I kg/sec] 



-C 



7*3* + 



2C* 



2C 



(7) 



2 



If the exhaust velocity js tangential then 
and 

Inc)udiji£ the nozzle efficiency results in: 

Where = isentrop'c static temperature at nozzle 
exit 

Calculating is done by evaluating the diffuser 
performance. Total pressure at the diffuser outlet is me 



(9) 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 



PATENT NO. : 7,404,286 B2 Page 12 of 22 

APPLICATION NO. : 10/518767 

DATED : July 29, 2008 

INVENTOR(S) : David Lior 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 



ambient pressure. Assuming the exit velocity 5s nulJ and 
the diffu$er efficiency is J 00%: 



JL 



Where M 4 is the local static Mach number al the 
diffuser inlet and is derived from its definition: 



01) 



Equation (9) may be expressed as a function of the 
pressure ratio across tile nozzle 



2C p T 3X 



(12) 



Combining Eqs. (10), (11) and (12) results in a 
single expression for the nozzle exit velocity: 



feT 

~t (13) 

Which may be solved mathematical Jy once the 
values of 7^, u arc chosen and introduced. 

The diffuser efficiency value decrease the calculated 
nozik exit velocity w according to the definition of 
efficiency: 

to its actual value w x , 
Hence; 

Now the value of w x is used to calculate the net power 
using Eq. (I), 

The value of Which is the total relative 

pressure at the no2z!e InJet is calculated by subtracting 
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the combustion pressure drop AF from th& value of 
p lH Which is the relative total pressure at the 
compressor exit and is calculated as follows: 




Where: 



F& - totaJ pressure at the compressor exit and is 
determined by the choice of the pressure X 

T 2t - tola) temperature at compressor exrt 

Cju - tangential component of compressor exit 
velocity. 
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ThennjiS efficiency calculntion 

net power output 
^ thermal p ower input 

The thermal power input Is invested in the M 
injected into the combustion chamber rafsrng toe 
tempferaturB from T 1R to Where T 1R h derived 
frcmEq. ()5): 

Hence the thermal power Input is: 

Where t)^ is the combustion efficiency. 

Introducing the net power output from Eq. (1) the 
thermal efiMcien try is: 
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V\h = ? * — 



(16) 



Calcutrttkm Sequence 

Input- CP, T 3M ; rj c \ r) m \ c 2l[ \v; 



I 


Find P c 


Eq,(2), 


n 




Eq.(I5)) 


in 


Find Mf A 


Eq,(I3). 


IV 


Find tv, 


Eq.(14) 


V 


Find Net power 


Eq.{l). 


VI 


Find rj fh 
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Fig. 11 _ OCN Turbo shaft Engine - Example 

Net Power^63D kW; ni~54,0D0 rpm; n,=45,000 rpm 

Kg/secj Compressor P-R.ai6; T e * mta „i w &l260*K; Thermal EfficJeRcy«35% 




6 m 



OCN- Combiwtioa Chamber 
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Fig. 12 -OCN T-S Diagram 
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Fig. 13 O.C.N THERMAL EFFICIENCIES 
Design ptM analysis 
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Ctotgn point analysis 
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Fig. 17 O.C.N TURBOFAN S .F.C. 
fiM mftte Co-SOO m/wc p.r.»1& ThwrtrtottJtjuiwiunrrrito - U Fan p* tawc ran* -v* 
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Pig- 19 - EFFECT OF PART LOAD ON THERMAL EFFICIENCY 

OCN DESJON POINT; C PJWW; TURBINE INLET TEMPERATURE™ 1300°K; AIR k^/sec 
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Fig, 20 EFFECT OF PART LOAD ON POWER 
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